AO

Original Article SPINE

Global Spine Journal
2022, Vol. 12(2) 204-208

Does the Position of Cage Affect the Clinical © The Author() 2020

Article reuse guidelines:

Outcome of Lateral Interbody Fusion e sl onsema0aaoss
. . . 7 journals.sagepub.com/home/gsj
in Lumbar Spinal Stenosis? ©SAGE

Guangxi Qiao, MD', Min Feng, MD?, Jian Liu, MD?,
Xiaodong Wang, MD*, Miao Ge, MD', Bin Yang, MD',
and Bin Yue, MD, PhD'

Abstract
Study Design: A retrospective study.

Objective: This study aims to identify the ideal cage position in lateral lumbar interbody fusion (LLIF) and to investigate if the
posterior instrumentation would affect the indirect decompression.

Methods: Patients underwent 2-stage surgeries: stage | was LLIF and stage Il was percutaneous pedicle screws fixation after
| week. Anterior disc height (ADH), posterior disc height (PDH), left and right foraminal height (FH), and segmental angle (SA)
were measured on lateral computed tomography reconstructions. The cross-sectional area of the thecal sac (CSA) was
determined by the outlined area of the thecal sac on a T2-weighted axial magnetic resonance imaging. The patients were sub-
groups according to the cage position: the anterior (cage located at the anterior /3 of disc space) and posterior groups (cage
located at the posterior 2/3 of disc space). P values <.05 were considered significant.

Results: This study included 46 patients and 71 surgical levels. After stage | LLIF, significant increase in ADH, PDH, bilateral FH
was found in both 2 subgroups, as well as the CSA (all Ps < .01). SA increased 2.84° + 3.2° in the anterior group after stage | LLIF
and increased 0.81° + 3.1° in the posterior group (P = .013). After stage Il surgery, SA was similar between the anterior and
posterior groups (P = .20).

Conclusion: The anteriorly placed cage may provide better improvement of anterior disc height and segmental angle after
stand-alone LLIF surgery. After the second stage posterior instrumentation, the cage position would not affect the segmental
angle or foraminal height.
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Compared with the conventional posterior decompression and When performing LLIF, the position of interbody cage is
instrumentation technique, lateral lumbar interbody fusion quite vital for the outcome of decompression, fusion rate as
(LLIF) has been reported with advantages of less blood loss, well as the subsidence rate. The anteriorly located cage can
less complication, quicker return to work.' As the population
continues to age, many elder patients cannot endure more inva-
sive posterior approach, and thus LLIF is an alternative option. The Affiliated Hospital of Qingdao University, Qingdao, Shandong, China
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benefit restoration of the segmental angle (SA), whereas the
posteriorly located cage might be favorable for achieving the
indirect decompression outcome.’ Thus, it is somehow
controversial for the position of the cage in the LLIF surgery.
Park et al* reported that the cage within the anterior 1/3 of disc
space could benefit achieving the restoration of the SA without
compromising the indirect neural decompression. While Jin
et al® found that the middle 1/3 of the disc space was better
for improvement of FA and posterior disc height in LLIF. Both
studies performed posterior instrumentation followed the LLIF
study, which would affect the evaluation of actual surgical
outcome of LLIF. On the contrary, Alimi et al® found that the
position of cage showed no impact on the FA and the CSA.
Thus, this study aims to identify the ideal cage position in LLIF
and to investigate if the posterior instrumentation would affect
the indirect decompression.

Material and Methods
Cohort

This is a retrospective study. The patients who underwent LLIF
from June 2016 to April 2018 were reviewed. The inclusion
criteria for this study were the following: (1) degenerative
lumbar stenosis patients, (2) failed conservative treatment after
at least 6 months, (3) presented with low back pain and clau-
dication, (4) underwent LLIF and posterior instrumentation
surgery, and (5) at least 6 months follow-up. Patients with cage
subsidence during follow-up, with grade 2 spondylolisthesis or
more severe, with fusion of the facets, with severe osteoporosis
were excluded. Thus, the final study cohort included 46
patients with 71 levels.

Surgical Procedure

The 2-stage surgeries were performed through mini-open
lateral transpsoas approach. The stage I was LLIF. The starting
point was determined by the identification of the anterior mar-
gin of the disk space by feeling and aimed at the 1/3 point of the
disk space. After making the starting hole in the disk space,
fluoroscopy was used again throughout all surgical procedures.
Cages were filled with an allogenous chip bone graft. Bone
morphogenic protein was not used in all cases because bone
morphogenic protein has not been approved in our country.
After the completion of the anterior procedure, stage I poster-
ior instrumentation was performed for all patients using percu-
taneous pedicle screws after 1 week.

Radiographic Measurements

Computed tomography (CT) scans, magnetic resonance ima-
ging (MRI), and plain X-ray films were taken at baseline,
immediate post-LLIF surgery, and immediate after posterior
instrumentation. All measurements were performed on the
PACS (picture archiving and communication system). Anterior
disc height (ADH), posterior disc height (PDH), left and right
foraminal height (FH), and segmental angle (SA) were

Table I. Surgical Levels for the Anterior and Posterior Subgroups.

Anterior group Posterior group P
Cage height (mm) 1325 + 1.3 13.11 + 1.2 26
Surgical levels
L2/3 4 I 71
L3/4 9 17
L4/5 I 19
Total 24 47

measured on lateral CT reconstructions. ADH was defined as
the perpendicular distance from the anterior corner of the lower
endplate to the upper endplate. PDH was defined as the
perpendicular distance from the posterior corner of the upper
endplate to the lower endplate. SA was defined as the Cobb’s
angle between the upper endplate and lower endplate at the
operated level. To determine the cage position, the upper end-
plate of the caudal vertebra was evenly divided into 3 zones
on a lateral plain radiograph. The cage position was deter-
mined by the location of cage’s center. The CSA were mea-
sured using magnetic resonance imaging (MRI). CSA was
determined by the outlined area of the thecal sac on a T2-
weighted axial MRI.

Statistics

The patients were subgroups according to the cage position: the
anterior (cage located at the anterior 1/3 of disc space) and
posterior groups (cage located at the posterior 2/3 of disc
space). Paired t tests were used to compare radiographic para-
meters between the two subgroups. Analysis of variance
(ANOVA) was performed to compare the parameters between
baseline, post—stage I and post—stage II surgery. Regression
analysis was also performed. Statistical analysis was performed
using SPSS software (version 20.0.0; SPSS Inc). P values <.05
were considered significant.

Results

This study included 46 patients (20 male and 26 female). Age
averaged 61.45 + 6.35 years (range: 50-78 years). A total of 71
levels of LLIF was performed: 26 single-level, 15 double-level,
and 5 triple-levels fusions. Among the surgical levels, there
were 15 levels at L.2/3, 26 at L3/4, and 30 at L4/5. The height
of cages was 12 mm for 33 levels, 14 mm for 35 levels, and 16
mm for 3 levels. The width of the cages averaged
47.4 + 3.4 mm (range, 45.0-55.0 mm). The comparison was
performed between levels. The anterior cage group has
24 levels and the posterior group has 47 levels (Table 1). The
average height of the cages was 13.25 + 1.3 mm in the anterior
group and 13.11 + 1.2 mm in the posterior group (P = .26). At
baseline, no significant difference was found between anterior
and posterior groups in terms of ADH, PDH, and FH (all
Ps > .05, Table 2).

As shown in Table 2, after stage I LLIF, significant increase
in ADH, PDH, bilateral FH was found in both 2 subgroups, as
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Table 2. Comparison of Radiographic Parameters Between Anterior
and Posterior Subgroups.

Anterior group  Posterior group P

ADH (mm)
Baseline 13.41 + 4.02 14.13 + 325 .33
Post—stage | LLIF 1682 + 3.12 1505 + 297 .03
Post—stage Il fixation 17.05 + 3.22 15.62 + 3.04 .25
P between baseline and <0.001 0.005 —
post—stage |
P between post—stage | .53 .61
and post—stage ||

PDH (mm)
Baseline 8.65 + 2.74 743 + 262 .68
Post-LLIF 9.83 + 1.77 927 + 2.11 54
Post—stage |l fixation 9.92 + 1.85 931 + 242 33
P between baseline and <.001 <.001 —
post—stage |
P between post-stage | 42 .68
and post—stage |

SA (deg)
Baseline 824 + 428 841 + 533 .65
Post-LLIF 11.08 + 3.87 922 + 438 .04
Post stage Il fixation 10.23 + 3.65 935 + 418 .20
P between baseline and <.001 <.001 —
post—stage |
P between post—stage-| 74 .56
and post—stage |l

Left FH (mm)
Baseline 18.31 4+ 2.45 17.84 + 262 .84
Post-LLIF 19.64 + 1.46 19.11 + 1.74 .72
Post—stage Il fixation 19.52 + 1.33 19.27 + 1.69 .76
P between baseline and .002 .001 —
post—stage |
P between post—stage | 75 A7
and post—stage ||

Right FH (mm)
Baseline 17.85 + 2.66 16.96 + 248 .59
Post-LLIF 19.03 + 1.84 1872 + 149 47
Post—stage |l fixation 18.84 + 1.62 18.92 + 1.33 .68
P between baseline and .002 .002 —
post—stage |
P between post—stage | 24 .55
and post—stage |l

CSA (mm?)
Baseline 9256 + 4989 83.68 + 57.66 .18
Post-LLIF 124.82 + 4736 11639 + 5244 31
P between baseline and <.001 <.001 —
post—stage |

Abbreviations: LLIF, lateral lumbar interbody fusion; ADH, anterior disc height;
PDH, posterior disc height; FH, foraminal height; SA, segmental angle; CSA,
cross-sectional area of the thecal sac.

well as the CSA (all Ps<.01). Comparing with posterior group,
the increase of ADH was significantly larger in anterior group
(3.41 £+ 3.25 mm vs 1.92 + 3.05 mm, P = .022), while the
increase of PDH was similar between the 2 subgroups
(P = .66). SA increased 2.84° + 3.2° in anterior group after
stage I LLIF and increased 0.81° + 3.1° in posterior group
(P = .013), and SA was significantly larger in anterior group

Table 3. Multivariate Regression for Increase of CSA.

Parameters B + SE P
Cage position —0.14 42
Change of SA 0.07 .38

Surgical levels — —
Change of ADH — —
Change of PDH — —

Abbreviations: ADH, anterior disc height; PDH, posterior disc height; SA,
segmental angle; CSA, cross-sectional area of the thecal sac.

(P = .04). The increase of bilateral FH and the CSA showed no
difference between the 2 groups (P > .05, Table 2).

After stage II posterior instrumentation, ADH, PDH, and
bilateral FH showed no significant change compared to those
after stage I LLIF surgery. Slightly increased SA was found in
the posterior group while SA showed no statistically significant
change in both groups (Table 2). After stage II surgery, SA was
similar between anterior and posterior group (P = .20). CSA
was not calculated after posterior instrumentation due to metal
artifacts.

To identify the factors affecting the increase in CSA, multi-
variate regression analysis was performed (Table 3). The multi-
variate regression analyses (stepwise) were performed to
compare the relative contributions of each of the parameters
on increase in CSA. The parameters used for the regression
analysis included cage position, change of SA, surgical levels,
change of ADH and change of PDH. Multivariate analysis
revealed no significant factors that affect the increase in CSA.

Discussion

LLIF is a surgical technique that achieves indirect decompres-
sion and restoration of lumbar alignment with the insertion of a
large interbody cage into the intervertebral space, which dis-
tracts the annular fibrous and ligaments.” The main aim of
LLIF surgery is to restore disc space height which would lead
to reduction of pain and improvement in disability. The mini-
mally invasive LLIF approach has been reported to reduce
tissue trauma, operative time, and recovery time.? The effects
of successful indirect decompression on the neural element
have been reported in a number of studies.® It also has been
reported that the SA increased by a mean of 2.8° to 9.0° per
level through LLIF.* However, the indirect decompression and
increase of SA may not be able to be achieved at the same time
since more increase of SA may lead to smaller PDH. Therefore,
this study analyzed the impact of cage position on decompres-
sion and change of SA. The results revealed that the cage
position within the anterior 1/3 of disc space would benefit
the anterior disc height as well as SA after LLIF surgery, but
the better SA in the anterior group after stage I surgery is lost
after additional posterior instrumentation.

The benefit of LLIF on SA has been reported in many stud-
ies. Park et al* reported greater increase in ADH and SA when
the cage was placed in the anterior 1/3 area than in the middle
1/3 area. Kepler et al'® also demonstrated that anterior cage
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position resulted in the largest SA increase (7.4°) whereas pos-
terior position reduced the angle by a mean of —1.2°. Their
study was conducted based on patients with both LLIF and
posterior fixation. Our results showed larger ADH and SA in
anterior group after stage I LLIF surgery, while SA showed no
difference after stage II posterior instrumentation. The
difference of SA after stage I and stage II surgery may be due
to the pressure during posterior instrumentation. When per-
forming percutaneous pedicle screw fixation, the rod was pre-
contoured, surgeons would choose different rods based on the
requirement of lumbar lordosis restoration and press to install
the rod. The different precontoured rods may lead to different
change of SA in anterior and posterior group. In addition, since
the disc had been removed and the facets was not fused accord-
ing to inclusion criteria, the pressure from posterior side would
increase SA, especially in posterior group where the cage (like
a hinge) was closer to posterior edge of vertebra. Our results
also observed slightly decreased PDH after stage II fixation
even if the difference was not statistically significant. Melikian
et al'! showed in a biomechanical study that none of the cages,
including the 30° lordotic cage, caused a decrease in PDH
suggesting hyperlordotic cages do not cause foraminal stenosis.

The sagittal alignment has been emphasized in spinal degen-
erative deformity and degenerative diseases in the recent
decades.'? The restoration of lumbar lordosis was correlated
to better clinical outcome and less incidence of adjacent seg-
mental degeneration (ASD), even in short-level fusion surgery.
Kim et al'? reported that the restoration of the SA is important
to increase pelvic tilt and to achieve good clinical outcomes in
L4-L5 degenerative spondylolisthesis. Recently, Tian et al'*
showed that improved lumbar lordosis was correlated to a
lower incidence of ASD, and that proper disc height and seg-
mental lordosis restoration were essential for prevention of
ASD. According to our results, both anteriorly and posteriorly
placed cage could be used to improvement SA after LLIF
surgery.

Regarding to indirect decompression, significant increase in
CSA and bilateral FH were observed in this study after LLIF.
Our results of CSA and FH change was comparable to previous
reports. Rao et al'® reported that anterior lumbar interbody
fusion resulted in significant indirect foraminal decompression
and that PDH was a significant factor in the restoration of the
FH. Oliveira et al'® showed an increase of average disc height
(41.9%), FH (13.5%), foraminal area (24.7%), and central
canal diameter (33.1%) after LLIF surgery. However, our study
failed to find the independent factors for CSA increase based
on regression analysis. Park et al* demonstrated that preopera-
tive CSA was the only independent factor which correlated to
the increase of CSA and that the cage position did not affect the
increase of CSA. Thus, the cage position and the cage size
would not affect the indirect decompression in a LLIF surgery.

Based on our results, we may postulate that the placement of
cage may depend on different situations. In patients with lum-
bar hypolordosis or even kyphosis, old age, osteoporosis and in
those who may have endplate injury during surgery, we rec-
ommend placing the cage in the anterior 1/3 of disc space to

avoid potential cage subsidence and to improvement segmental
lordosis. For those with severe foraminal stenosis, the cage
could be placed at the posterior 2/3 of the disc space since our
results showed slightly more increase of bilateral FH (without
statistical significance).

Limitations of the current study include its relatively small
sample size and the lack of long-term follow-up data.
Longer-term data is necessary for determining pseudarthrosis
rates regarding cage subsidence between anterior and posterior
cage group. In addition, this study did not include the evalua-
tion of clinical outcomes because the study time was immediate
after surgery. However, it is well-documented in other reports
that successful indirect neural decompression resulted in good
clinical outcomes.

Conclusion

The anteriorly placed cage may provide better improvement of
ADH and SA after stand-alone LLIF surgery. After the second
stage posterior instrumentation, the cage position would not
affect the SA or FH. The indirect decompression, presented
by CSA, would not be affected by the cage position.

Acknowledgments

We would like to thank all the participants who took part in this
research for their time and help.

Author Contributions

GQ, XW, JL, and BYue were responsible for the design, conducting
the study, data analysis. MG and BYang were responsible for the
writing process. All authors read and approved the final manuscript.

Ethical Approval

Written informed consent was obtained from all participants in accor-
dance with protocol approved by the Affiliated Hospital of Qingdao
University Research Ethics Board.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Bin Yue, MD, PhD (® https://orcid.org/0000-0003-1829-5647

References

1. Nakashima H, Kanemura T, Satake K, et al. Comparative radio-
graphic outcomes of lateral and posterior lumbar interbody fusion
in the treatment of degenerative lumbar kyphosis. Asian Spine J.
2019;13:395-402.

2. Tender G, Serban D, Calina N, Florea M, Lasseigne L. Lateral
lumbar interbody fusion. In: Tender G, ed. Minimally Invasive
Spine Surgery Techniques. Springer; 2018:73-96.



208

Global Spine Journal 12(2)

10.

. Baghdadi YMK, Larson AN, Dekutoski MB, et al. Sagittal bal-

ance and spinopelvic parameters after lateral lumbar interbody
fusion for degenerative scoliosis: a case-control study. Spine
(Phila Pa 1976). 2014;39:166-173.

. Park SJ, Lee CS, Chung SS, Kang SS, Park HJ, Kim SH. The ideal

cage position for achieving both indirect neural decompression
and segmental angle restoration in lateral lumbar interbody fusion
(LLIF). Clin Spine Surg. 2017;30:E784-E790.

. Alimi M, Lang G, Navarro-Ramirez R, et al. The impact of cage

dimensions, positioning, and side of approach in extreme lateral
interbody fusion. Clin Spine Surg. 2018;31:E42-E49.

. Jin J, Ryu KS, Hur JW, Seong JH, Kim JS, Cho HJ. Comparative

study of the difference of perioperative complication and radiolo-
gic results: MIS-DLIF (minimally invasive direct lateral lumbar
interbody fusion) versus MIS-OLIF (minimally invasive oblique
lateral lumbar interbody fusion). Clin Spine Surg. 2018;31:31-36.

. Spiker WR, Goz V, Brodke DS. Lumbar interbody fusions for

degenerative spondylolisthesis: review of techniques, indications,
and outcomes. Global Spine J. 2019;9:77-84.

. Xu DS, Bach K, Uribe JS. Minimally invasive anterior and lateral

transpsoas approaches for closed reduction of grade II spondylo-
listhesis: initial clinical and radiographic experience. Neurosurg
Focus. 2018;44:E4.

. Lee YS, Park SW, Kim YB. Direct lateral lumbar interbody

fusion: clinical and radiological outcomes. J Korean Neurosurg
Soc. 2014;55:248-254.

Kepler CK, Yu AL, Gruskay JA, et al. Comparison of open and
techniques for posterior lumbar

minimally invasive

11.

13.

15.

16.

instrumentation and fusion after open anterior lumbar interbody
fusion. Spine J. 2013;13:489-497.

Melikian R, Yoon ST, Kim JY, Park KY, Yoon C, Hutton W.
Sagittal plane correction using the lateral transpsoas approach: a
biomechanical study on the effect of cage angle and surgical
technique on segmental lordosis. Spine (Phila Pa 1976). 2016;
41:E1016-E1021.

. Costanzo G, Zoccali C, Maykowski P, Walter CM, Skoch J, Baaj

AA. The role of minimally invasive lateral lumbar interbody
fusion in sagittal balance correction and spinal deformity. Eur
Spine J. 2014;23(suppl 6):699-704.

Kim CH, Chung CK, Park SB, Yang SH, Kim JH. A change in
lumbar sagittal alignment after single-level anterior lumbar
interbody fusion for lumbar degenerative spondylolisthesis
with normal sagittal balance. Clin Spine Surg. 2017;30:
291-296.

. Tian H, Wu A, Guo M, et al. Adequate restoration of disc height

and segmental lordosis by lumbar interbody fusion decreases
adjacent segment degeneration. World Neurosurg. 2018;118:
€856-¢864.

Rao PJ, Maharaj MM, Phan K, Abeygunasekara ML, Mobbs RJ.
Indirect foraminal decompression after anterior lumbar
interbody fusion: a prospective radiographic study using a new
pedicle-to-pedicle technique. Spine J. 2015;15:817-824.
Oliveira L, Marchi L, Coutinho E, Pimenta L. A radiographic
assessment of the ability of the extreme lateral interbody fusion
procedure to indirectly decompress the neural elements. Spine
(Phila Pa 1976). 2010; 35(26 suppl):S331-S337.



